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nonlabeled  starting  material,  and  the  reaction  sequence  performed  from  beginning  to  end 
on  the  eiact  scale  that  was  planned  for  the  master  run.  Any  problems  which  were  dis¬ 
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HPLC,  UV,  and  NMR  and  mass  spectrometry  where  required.  In  addition  to  analyzing  the 
compounds  when  they  were  first  prepared,  they  were  also  analyzed  prior  to  shipment  to 
approved  investigators. 

The  labeled  compounds  were  stored  at  the  Research  Triangle  Institute  and  sent  to 
investigators  upon  request  of  the  Project  Monitor.  An  up-to-date  list  of  compounds  in 
inventory  was  provided  to  the  Project  Monitor  each  month. 

During  this  report  period  a  sample  of  J-[l6-l4C]arteether  was  prepared.  Development 
work  for  preparing  [^Hg] thiodf glycol ,  bis(['4C]tr1fluoromethyl)disulfide,  [15-14Cj- 
artemlslnln,  and  tritium  and  carbon-14  labeled  WR-238605  was  completed.  The  development 
work  for  preparing  carbon-14  labeled  WR-242511  was  started. 
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1.0  Summary 

During  this  report  period  a  sample  of  ^-[16-^C]arteether  was  prepared. 
Development  work  f^r  preparing  [^Hg] thlodf glycol ,  b1s([^C]tr1fluoromethy1)- 
disulflde,  [16-^4C]artem1s1n1n,  and  tritium  and  carbon-14  labeled  WR-238605  . 
was  completed.  The  development  work  for  preparing  rarbon-14  labeled  WR-242511 
was  started. 

A  total  of  eight  shipments  were  made  during  this  report  period. 
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2.0  Synthesis  of  Labeled  Compounds 

2.1  [l-I4ClPirf1ucro1sobutylene  ([l4Cl-4) 

The  scheme  being  Investigated  for  the  synthesis  of  [l-l4C]perf luoro- 
Isobutylene  (P4C]-4)  Is  outlined  In  Chart  1.  The  scheme  is  based  on  the 
reported  synthesis  of  [13c]dichlorodi fluoromethane*  and  qem-di- 

fluoroolefins.2  Acetophenone  (5,  Chart  2)  is  being  used  as  a  model  compound 
because  of  the  toxicity  and  volatility  of  4.  Earlier  studies^  established 
that  reaction  of  acetophenone  and  dibromodlfluoromethane  (7,  8FH)  In  the 
presence  of  hexamethylphosphoroustriamide  (HMPT)  gave  70-805  yield  of  olefin  6 
at  ambient  temperature,  but  when  BFM  was  replaced  with  dichlorodl fluoromet^ara 
(2,  CFH)  no  6  was  formed  unless  the  reaction  was  heated  above  80*C.  Evidence 
was  presented^  that  the  differences  in  yield  and  reaction  conditions  when 
using  CFM  compared  to  BFM  was  not  due  to  the  lack  of  formation  of  complex  8, 
(Chart  3),  but  its  subsequent  conversion  to  ylide  10  by  HMPT. 

Heating  the  reaction  mixture  will  cause  technical  difficulties  with  the 
radiosynthesis  because  of  the  low  boiling  points  of  hexafluoroacetone  (33) 
(-26‘C)  and  the  product,  PFI8  (4)  (6*C).  Two  strategies  to  overcome  this 
problem  were  investigated.  An  attempt  was  made  to  prepare  BFM  by  modification 
of  the  method  used  to  prepare  [^C]-2.1  Reaction  of  carbon  tetrabromlde  with 
antimony  trifluoride  and  antimony  tribromide4  did  not  give  any  detectable  BFM. 

The  second  approach  to  overcome  this  problem  was  to  find  a  catalyst  that 
would  convert  salt  8  to  ylide  10  at  ambient  temperature  or  below.  Burton  and 
Ishlkawa  et  al.2,5  have  reported  tliat  metals  such  as  zinc,  mercury  and  cadmium 
promoted  the  reaction  of  the  BFM»tr1phenylphosph1ne  complex  (9)  with  aldehydes 
and  ketones.  We  found  that  zinc  also  promoted  the  reaction  of  the  CFM’HMPT 
complex  (8)  with  5.  HMPT  was  allowed  to  react  with  CFM  (2)  In  N,N-dimethyl- 
acetamlde  (DMAc)  to  form  8.  Acetophenone  was  added  after  stirring  for  2  h  and 
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zinc  was  added  0.5  h  later.  GC  analysis  of  the  reaction  mixture  afte1*  stir¬ 
ring  overnight  at  room  temperature  shewed  a  ratio  of  product  6  to  acetophenone 
of  95:5. 

With  an  acceptable  method  for  the  conversion  of  2  to  6  In  hand,  the 
entire  synthetic  scheme  for  preparing  t^C]-4  was  tested  with  the  e~-«%-henone 
model.  All  of  the  operations  were  carried  out  on  the  vacuum  manlfo'  .. 

Antimony  trifluoride  and  antimony  pentachlorlde  were  combined  and  ptaced  on 
the  nanifold.  Carbon  tetrachloride  (5  mmol),  which  will  be  -she  source  of  the 
carbon-14  label,  was  transferred  to  the  reaction  flask  and  the  mixture  was 
allowed  to  stir  at  40*C  for  2  h.  The  yield  of  2  was  quantitative  as  measured 
by  the  volume  of  gas  generated  In  the  vacuum  line,  but  the  purity  was  unknown. 
The  2  was  allowed  to  react  with  HMPT  In  DMAc.  After  2  h,  acetophenone  and  dry 
zinc  dust  were  added  to  the  reaction  mixture.  After  stirring  overnight,  GtC 
analysis  showed  the  mixture  to  be  69X  product  6  and  26t  acetophenone. 

The  results  of  this  experiment  Indicate  that  this  method  should  be  useful 
for  preparing  [^Cj-A,  but  we  have  not  found  a  source  for  a  standard  sampl;  of 
4  and  we  have  no  method  for  Its  purification.  There  are  GLC  methods  reported 
for  Its  analysis.6 

We  suspect  that  [14C]PFIB  will  rapidly  polymerize  because  of  Its  high 
reactivity  coupled  with  the  Ionizing  radiation  associated  with  the  radioactive 
label.  Bayllff  and  Chambers^  have  reported  that  PFIB  forms  salt  1_1,  with 

I(CF3)3cr  Cs* 

11 

cesium  fluoride.  If  PFIB  can  be  regenerated  from  1_1  the  salt  may  be  a  suit¬ 
able  form  for  its  storage  and  characterization.  This  cannot  be  determined 
however,  unless  a  source  of  nonlabeled  PFIB  Is  found. 
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Work  on  this  synthesis  has  been  temporarily  stopped  at  the  request  of 
USARMPC. 

2.2  B1s([Mcltr1  fluoromethy!)d' sulfide  ([Hcl-15) 


Development  work  has  continued  on  the  synthesis  of  b1s([14C]tr1fluoro- 
methyl)disul fide  ([^4C]-15).  The  proposed  scheme  for  this  synthesis  Is 
outlined  In  Chart  4  and  Is  based  on  methods®.?  used  to  prepare  nonlabel ed  1_5. 
Earlier®  we  described  modification  of  the  reported®  method  for  preparing 
sulfenyl  chloride  13  which  allowed  its  preparation  on  a  small  scale  suitable 
for  the  '•adlosynthesls.  Work  this  report  period  has  focused  on  developing 
small  scale  synthesis  procedures  for  prepari:g  sulfenyl  bromide  14  and  the 
target  compound,  disulfide  15.  well  analytical  and  purification  methods 
for  14  and  ^5. 

Early  In  the  course  of  developing  the  synthesis  of  labeled  lj>,  It  became 
apparent  that  the  lack  of  a  good  analytical  method  hampered  progress.  Three 
GC  methods  were  Investigated  for  analysis  of  15;  (1)  105  0V-101  on  Gas  Cliron  Q 
100/120,  (2)  10X  OV-210  on  Chromosorp  V-HP  30/100,  and  (3)  105  DC-200  on 
Chromosorp  W-HP  80/120.  Two  of  these  columns,  the  DC-200  and  the  OV-iOl  gave 
satisfactory  separation  of  13,  14  and  15  when  run  with  a  temperature  program 
of  20*C-190*C  at  10*/m1n. 

.  GC  analysis  of  H  prepared  as  described  above  showed  that  the  preparation 
contained  varying  amounts  (30-505)  of  unknown  Impurities  with  shorter  reten¬ 
tion  times  than  14.  When  14  was  treated  with  fresh  485  hydrobromlc  acid,  the 
amount  of  the  Impurities  was  greatly  Increased.  Compounds  16  and  17_  have  been 
reported9. as  being  formed  during  the  preparation  of  14,  but  were  eliminated 
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as  possible  candidate  impurities  along  with  disulfide  ljl,  the  photochemical 
decomposition  product  1311,  because  their  boiling  points  are  considerably 
higher  than  14  and  thus  are  unlikely  to  have  r-.  tentlon  times  shorter  than  1_4. 
The  two  major  Impurities  were  tentatively  identified  as  chloroform  and  carbon 
tetrachloride  on  the  basis  of  their  GLC  retention  times.  Attempts  to  purify 
H  by  distillation  were  not  successful.  An  alternate  procedure  for  preparing 
14  was  developed  [HBr-HOAc  (30t),  -10°C,  2  h].  The  crud.  reaction  mixture 
must  be  washed  with  water  and  sodium  bicarbonate  solution  prior  to  drying  over 
phosphorous  oer.toxlde,  but  even  with  these  extra  step,  the  yields  of  14  are 
high  (85-90%)  and  the  purit.,  of  the  product  is  better  than  90-95X. 

With  14  prepared  by  the  new  method  as  starting  material,  the  step  to 
prepare  15  was  studied  using  different  solvents  and  means  of  addition  of  1_4  to 
the  reaction  mixture.  In  our  Initial  attempts  to  prepare  15  we  used  18-crown- 
6  as  reaction  solvent  because  our  early  analytical  methods  appeared  to  show 
high  yields  of  product.  After  developing  a  GLC  method  that  resolves  the 
product  from  the  various  Impurities,  It  became  apparent  that  the  crown  ether 
Is  not  as  good  a  solvent  as  tetramethylene  sulfone  (THS)  for  this  reaction. 

To  date  the  best  method  for  preparing  ^5  Involves  the  dropwlse  addition  of  14 
over  45  min  to  a  suspension  of  potassium  fluoride  In  THS  at  I65-170*C  with  a 
slow  nitrogen  sweep  of  volatile  reaction  products  to  traps  cooled  with  liquid 
nitrogen.  The  reaction  product  was  purified  by  trap  (0*C)  to  trap  (-7?*C) 
distillation  at  150  rra.  GLC  analysis  of  the  headspace  above  the  purified 
product  shows  about  80S  purity  while  GLC  analysis  of  a  deuterochloroform 
solution  of  this  material  showed  96X  purity,  NMR  analysis  of  the  solution 
shows  primarily  with  what  appears  to  be  a  small  amount  of  hydrocarbon 
impurity.  There  are  no  detectable  'ontamlnants  which  contain  a  C-F  bond  and 
there  is  no  detectable  carbon  disulfide.  Carbon  disulfide  was  detected  In 


crude  samples  of  ]_5.  The  yield  of  1J5  was  not  determined  but  appears  to  be 
low. 

Work  has  been  stopped  on  this  synthesis  until  further  notice  at  the 


request  of  USARMDC. 

2 . 3  1. 5-D1 hydroxy- fl , 1 ,2,2, 3,4, 5,5-3Ha1-3-thlapentane;  thlod 1  glycol , 

The  synthesis  of  [^HsJthiodiglyccl  {[^Hg]-20)  was  accomplished  by  using 
the  scheme  shown  below. 12, 13  Reaction  of  [^H4]-19  with  sodium  sulfide  gave 


BfCOzCDjOH  ♦  Na^  - -  •  HOCD^CO^SCOzCDaOH 

l2H4J  -19  [?He]  -20 


a  985  yield  of  [2Hg]-20  after  distillation.  GLC  analysis  of  this  product, 
however,  indicated  the  presence  of  about  155  of  an  impurity  with  the  same 
retention  time  as  1,4-thloxane  (21).  Chromatography  of  [2Hg]-20  gave  a  sample 

0 

21 

that  was  985  pure  by  GLC  analysis  (peak  area  ratio),  but  with  an  unacceptable 
elemental  analysis  that  was  0.85  low  for  carbon  and  0.75  low  for  sulfur.  The 
elemental  analysis  Implied  that  the  sample  was  wet.  Vacuum  distillation, 
however,  failed  to  give  a  sample  with  an  Improved  elemental  analysis.  GLC 
analysis  of  the  distilled  material  showed  It  to  be  963  pure.  This  compares  to 
a  commercial  sample  of  20  from  Aldrich  Chemical  Co.  which  was  96.45  pure  by 
GLC.  The  major  impurity  elutes  as  a  broad  peak  somewhat  earlier  than  20  In 
both  the  commercial  sample  and  the  synthesized  [2Hg}-20  sample.  The  impurity 
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-as  shcv»n  not  to  be  ethylene  glycol  by  cui-partson  of  Us  GLC  retentioi  time 
with  an  authentic  sample.  The  data  on  this  sample  Is  currently  lelng 
evaluated  by  USARMDC  to  determine  if  it  is  sufficiently  pure  for  its  intended 
purpose.  If  the  sample  is  not  pure  enough  for  use,  further  purification  will 
be  attempted. 

2.4  WR-255131:  B  ■ ri6-*4ClArteather  (f^4d-24) 

The  master  synthesis  of  ^-[16-^4C]arteether,  ([l4']-24,  Chart  5)  was 
completed.  Sodium  borohydrlde  reduction  of  [l6-^4C]arte.n1sinin  ( [ ^4C] -22) 
yielded  187  mg  of  [16-l4C]dihydroartemis  nin  ([^4C]-23)  (535  radiochemical 
yield).  p4C]-23  was  treated  with  boron  trifluoride  ethe^ate  whlc-  gave  a 
182  mg  mfsture  of  a-  and  £-[16-l4C]arteether,  (815  radiochemical,  895  chemical 
yield). 

An  additional  42  mg  of  H4C]-23  from  inventory  (lot  #  5994-123)  was 
treated  with  boron  trifluoride  etherate  to  yield  a  38  mg  mixture  of  a-  and 
^-[16-l4C]arteether,  (925  radiochemical,  825  chemical  yield). 

The  two  lots  of  the  a-  and  ^-[16-^4C]arteether  mixture  were  combined  and 
purified  by  HPLC.  The  mixture  was  dissolved  in  ethanol  and  5  mg  injections 
were  made  onto  a  preparative  column  (Rainln  Dynamax,  C- 18,  8  jt,  21.4  x  250  mm, 
855  CH3CN-H2O,  9.9  mL/mln).  Each  £-[l6-14C]arteether  fraction  collected  was 
checked  for  purity  on  an  analytical  system,  (Altex  Ultrasphere-ODS  5/j,  4.6  x 
250  mm,  605  CH3CN-H2O,  1.2  nl/raln).  Impure  fractions  were  combined  and 
repurified.  A  total  of  103  mg  (415  chemical  yield),  2.17  mCl  (515  radio¬ 
chemical  yield)  of  £-[16-I4C]arteether  of  965  radiochemical  purity  was 
obtained. 

A  significant  amount  (205)  of  a-[16-^4C]arteether  (25)  is  formed  in  the 
synthesis  of  £-[16-l4C]arteether.  Methods  of  isomerlzing  o-arteether  to 
p-ar teether  (Chart  6)  were  investigated  with  the  hope  of  obtaining  more  of  the 


«  OCH2CHj 
[uC]-25 


a)  8F3OGt2,  EiOH 


12 


desired  /-[ 16-14C]arteether.  In  a  preliminary  run,  pure  a-arteether  was 
treated  with  boron  trifluoride  etherate  In  benzene-ethanol  solution.  After 
42  h  at  room  temperature  HPLC  analysis  showed  that  a  1:1  mixture  of  a-  and 
/-arteet her  was  present  along  with  several  impurities.  To  determine  the 
position  of  equilibrium,  two  experiments  were  run:  1)  the  /-isomer  was  treated 
with  one  equivalent  of  boron  trifluoride  etherate  in  an  ethanol -benzene 
solution  and  2)  the  a-isomer  was  treated  with  two  equivalents  of  boron  trf- 
fluor'de  etherate  in  an  ethanol-benzene  solution.  These  conditions  duplicate 
those  used  in  the  formation  of  arteether  from  dlhyai oartemisir.in. 

The  /-isomer  slos.ly  isomerized  to  a  mixture  of  a-  and  /-  isomers  heavily 
favoring  the  /-isomer  (94:6  after  48  h).  The  s-lsomer  slowly  isomerized  to 
the  /-isomer  giving  a  1:1  mixture  of  isomers  after  50  h.  The  reaction  was 
monitored  for  a  total  of  140  h,  and  although  the  ratio  of  isomers  remained 
relatively  constant  at  1:1  during  this  time,  it  appeared  that  the  isomers  were 
consumed  to  produce  the  major  impurity,  possibly  dihydroarteaisinin. 

These  results  indicate  that  it  is  possible  to  isomerize  a-  to  /-arteether 
but  that  it  is  not  very  efficient.  No  further  work  is  planned  in  this  area 
since  the  synthesis  provided  the  amount  of  /-[16-14C]arteether  that  was 
requested. 

2.5  WR-249309:  ri6-14ClArteraisinin  (f*4Cl-?2) 

Studies  of  the  preparation  of  [16-14C]artemisintn  ([14C]-22)  according  to 
the  method  of  Avery14  have  been  started  (Chart  7).  Initial  problems  with  the 
alkylation  of  the  dianlon  of  26  were  traced  to  incomplete  drying  of  26  and  a 
low  titer  of  n-butyl  lithium.  Correction  of  these  problems  lead  to  94X  yield 
of  27  from  alkylation  of  26.  Ozonization  of  27  followed  by  treatment  with 
acid  afforded  artemisinin  in  37X  yield  after  purification. 


The  alkylation  of  26  is  carried  out  with  2.4  equivalents  of  methyl 
iodide.  This  is  done  to  insure  complete  conversion  of  26  to  27,  because  at 


/ 


present,  we  do  not  have  a  method  for  separating  26  and  27.  The  results  of  a 
tracer  run  suggested  that  radiolabeled  methyl  Iodide  could  be  conserved  by 
first  treating  the  dlanlon  with  one  equivalent  of  [l4C]aethyl  Iodide  followed 
later  by  a  second  equivalent  of  nonlabeled  methyl  Iodide.  When  this  strategy 
was  carried  out  on  the  master  run  an  80:20  (determined  by  NMR)  mixture  of 
26  and  [*4C]-27  was  obtained.  We  suspect  that  the  lack  of  complete  reaction 
was  caused  by  Impurities  In  the  purchased  [^C]methy1  Iodide  since  the 
specific  activity  of  the  product,  35  mCi/mmol,  Is  close  to  the  expected 
32  mC’/mmol  if  the  p4C]methy1  iodide  was  contaminated  with  20X  of  Its 
precursor  [i4C]methanol . 


As  stated  earlier,  we  do  not  have  a  method  for  separating  26  and  27,  s- 
an  experiment  was  done  to  determine  If  a  mixture  of  26  and  27  could  be  con¬ 
verted  to  27  without  dlalkylatlon.  Accordingly,  a  40:60  synthetic  mixture  of 
26  and  27  was  subjected  to  the  alkylation  conditions.  The  NMR  spectrum  of 
the  Isolated  product  was  Identical  with  that  of  27  with  no  detectable  26  and 
no  Indication  of  dialkylation. 

We  plan  to  use  this  method  to  convert  the  80:20  mixture  of  [14C]-27  and 
26  from  the  master  run  to  give  pure  H4C]-27.  We  expect  the  master  run  to  be 
completed  by  the  end  of  May,  1991. 

2.6  WR-238605:  8-f  (4-Ami no-1 -methy  1  butyl)  ami  nol-2,S-dimethoxy-4-methyl -5- 
r3-(tr1f1uoromethyl)phenoxy]qu1noline  Succinate 
2.6.1  8- T (4-Ami no-l-methy 1 buty  1  )amino1-2. 6-dimethoxy-4-methyl -5- (3- 

(trlfluoromethyl)phenoxyl f4-l4Clqu1nol1ne  Succinate;  f4-^4Cl- 


Work  on  a  repeat  synthesis  of  [4-l4C]WR-238605  ([^4C]-£lj  was  begun  this 
report  period  (Chart  8).  A  previous  preparation  of  this  material  gave  lower 
than  expected  yields  of  th°  N-oxide  [*4C]-35  from  the  reaction  of  [I4C]-34 
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with  m-chloroperbenzoic  acid  (MCPBA). 3  Consequently,  this  reaction  was  rein¬ 
vestigated  before  starting  the  repeat  synthesis.  A  sample  of  MCPBA  was  puri¬ 
fied  to  determine  if  Its  purity  was  relevant  to  the  yield  of  35  from  34.  Re¬ 
action  of  34  with  purified  MCPBA  gave  a  711  of  35.  This  yield  approaches  our 
best  yield  of  the  past  (765),  but  the  product  has  a  low  melting  point.  Never¬ 
theless,  it  appears  that  the  purity  of  the  MCPBA  is  Important  to  the  yield  of 
35. 

We  plan  one  additional  test  reaction  with  magnesium  monoperoxyphthalate 
as  oxidizing  agent,  which  has  been  described  as  a  good  substitute  for  MCPBA.15 
The  synthesis  of  [14C]UR-238605  will  be  started  as  soon  as  this  study  is 
complete.  The  current  plan  Is  to  prepare  a  large  amount  of  fluoroquinol Ine 
[14C]-31,  and  use  it  for  the  synthesis  of  both  [14C]WR-228605  and  (14C]WR- 
242511  (see  later). 

2.6.2  8-  f(4-Ami no- 1  -methyl butyl )  ami  no-2, 6-dimethoxy-4-methyl  -5-  f5-(tri- 
fluoromethyl) r2-5Hlphenoxvlguinollne  Succinate;  f3HlWR-238605 

HlHB.ll 

Development  work  for  preparing  [3h]WR-238605  has  been  completed  (Chart  9, 
Scheme  I).  Initially,  we  attempted  to  prepare  2-bromo-5-tr1fIuoromethylphenol 
as  an  Intermediate  by  using  a  reported  procedure1®,  but  were  able  to  obtain 
only  Inseparable  mixtures  of  mono-.dl-,  and  tribromo-  compounds.  Although,  in 
theory,  a  mixture  of  halogenated  phenols  could  be  used,  a  monohalogenated 
Intermediate. is  preferred  for  the  radiosynthesis  because  it  reduces  the  numoer 
of  possible  radiolabeled  contaminates.  Furthermore,  based  on  steric  consi¬ 
derations,  we  believed  that  a  mono  halogenated  compound  substituted  as  45 
offer  advantages  with  selective  catalytic  reduction  over  those  substituted  as 
46  and  47.  ? 


OH  OH  OH 

45  46  47 


Schema  I 


50 


a)  NaOCt,.  Nal 

b)  3H2,  Pd/C 
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Edgar  and  Falling  recently  reported^  a  new  method  for  preparing  (ado- 
phenols  whereby  one  can  control  the  degree  of  iodination.  Treatment  of  3- 
(trlfluoromethyl)phenol  (42)  with  one  equivalent  of  sodium  iodide  and  sodium 
hypochlorite  gave  a  product  that  was  99%  pure  by  GLC  analysis.  The  mass 
spectrum  of  the  product  showed  that  only  one  iodine  had  been  incorporated  into 

42,  and  the  NMR  spectrum  showed  that  the  iodine  was  not  at  the  2-positlon 
(singlet  at  <5  7.26),  but  did  not  discriminate  between  4-  and  6-substltut Jon, 
i.e.  43  and  48.  The  NMR  spectrum  indicated  that  the  product  had  structure 

43.  A  singlet  at  89.9  ppm  was  observed  for  the  carbon  bearing  iodine.  Two 


x 


OH 

42  Y  -  H.  X  .  H 

43  Y  - 1.  X  -  H 

44  Y  -  H.  X  .  I 

quartets  at  118.9  and  112  (JccCF  ■  4  Hz)  were  assigned  to  the  2-  and  4-carbons 
on  the  basis  of  long  range  coupling  with  the  flourlne  atoms.  If  the  Iodine 
atom  had  been  at  the  4-posltlon  I.e.  48,  then  the  signal  at  89.9  ppm  would 
have  been  a  quartet. 

Catalytic  reductive  deuteration  of  43  was  carried  out  in  0.1  N  sodium 
hydroxide  with  10S  Pd/C  catalyst  to  give  a  quantitative  yield  of  [2h]-44.  The 
completion  of  the  synthesis  of  [3h]WR-2'38605  can  proceed  from  intermediate  43 
by  at  least  two  methods.  The  tritium  label  can  be  introduced  at  the  beginning 
of  the  scheme  (Scheme  I,  Chart  9)  or  at  the  last  step  (Scheme  II,  Chart  9). 
Although  we  considered  Scheme  II  unlikely  to  be  successful  because  of  the 
sensitivity  of  the  2-methoxy  quinoline  system,  we  felt  It  worthwhile  to 
confirm  this,  since  Scheme  II  has  nine  fewer  steps  with  radioactive  material 
than  Scheme  I.  Accordingly,  the  free  base  of  WR-238505  (50)  was  subjected  to 
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;  the  catalytic  red' sticn  conditions  required  for  reductive  tritlatior.  Consl- 

j 

S  derable  decomposition  of  50  was  observed  under  these  conditions,  thus  Scheme  I 

rather  than  Scheme  II  will  be  used  to  prepare  pH]WR-238f 05. 

The  development  work  for  preparing  [3h]WR-238605  is  essentially  complete 
and  delivery  is  scheduled  for  September,  1991. 

2 . 7  WR-24251 1 :  8-f (4-ami no- 1 -methyl butyl ) amino-] -5-hexoxy-6-methoxy-4- 
me thylf^ClquinoHne  (0,1)  Tartrate,  r14ClWR-242511  (r14Cl-55) 

The  scheme  proposed  for  the  synthesis  of  [14C]UR- 242511  ([l4C]-55)  is 
outlined  In  Chart  10.  The  synthetic  scheme  differs  from  the  published 
scheme^8  in  that  f  luoroquinol  ine  21  replaces  chloroqulnol  ine  56  (Chart  11)  as 
the  intermediate  for  preparing  '.'xoxyqulnol  Ine  51.  This  was  done  for  several 
reasons:  (a)  we  have  experience  in  preparing  [14C]-31;  (b)  [14C}-3_1  is  re¬ 
quired  for  the  repeat  synthesis  of  [l4C]WR-238605  (see  earlier),  and  economies 
can  be  made  by  preparing  a  large  batch  of  [*4C]-31  and  using  It  for  both 
syntheses;  (c)  the  number  of  steps  with  radioactive  material  to  Intermediate 
51  is  reduced;  and  (d)  It  was  anticipated  that  the  fewer  steps,  plus  the 
expectation  that  the  flourine  of  51  would  be  more  susceptible  to  nucleophilic 
displacement  than  the  chloride  of  56,  would  lead  to  a  better  yield  of  51. 

Initial  studies  of  tne  reaction  of  21  with  hexoxlde  gave  low  yields 
(35-55X)  of  product  51.  It  was  determined  that  these  low  yields  were  due  to  a 
combination  of  elevated  reaction  temperature  (~  12Q*C),  long  reaction  time, 
and  a  complicated  workup  procedure.  Th*s  reaction  gave  an  87S  yield  of  51^ 
when  run  at  80*C  for  3.5  h  and  worked  up  by  simply  removing  the  solvent  under 
vacuum  and  chromatographing  the  residue. 

Conversion  of  51  to  amlnoqulnollne  52  was  accomplished  In  861  yield  by 
reduction  with  iron  fillings  as  reported^8  and  in  quantitative  yield  by 
catalytic  hydre genation  with  platinum  oxide  catalyst.  The  latter  method  will 
be  used  for  the  radiosynthesis,  not  only  because  of  Its  superior  yield,  but 


™S385iSi 


Chait  T1 


a)  NaOH 

b)  HQ 

c)  KOH.  Bf(CH2)5CH3 
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also  because  of  the  ease  of  workup.  Reaction  of  52  with  2-1odophthal imidopen 
tane  afforded  53  In  70S  yield. 

All  of  the  steps  up  to  compound  53  now  give  acceptable  yields  fcr  the 
radiosynthesis  leaving  only  the  last  two  reactions  to  be  studied.  The  tracer 
synthesis  of  [14C]WR-242511  will  be  started  as  soon  as  these  studies  are 
complete. 

3.0  Pu-ification 

All  of  the  Impure  samples  of  [l4C]WR-238605  left  over  fror  various 
preparations  and  mother  liquors  were  combined  with  the  inventory  samples 
cT-4167-59-1  and  CT-6120-85-1  and  purified  by  crystallization  from  ethanol* 
ether.  The  yield  was  310  mg  (8.3  mCi)  of  [14C]WR-238605  with  specific 
activity  of  15.7  mCl/mrool  (27  /iCl/mg)  and  965  radiochemical  purity  by  HPLC- 
RAH19  and  975  radiochemical  purity  by  radlo-TLC.20 
4.0  Shipments 

A  total  of  eight  shipments  were  made  to  Investigators  as  authorized  by 
the  Project  Monitor  during  the  period  March  23,  1990  -  March  22,  1991 
(Table  1). 

5.0  Inventory 

A  list  of  the  compounds  held  in  inventory  March  22,  1991  by  the  Research 
Triangle  Institute  for  the  USARMDC  is  given  In  Table  2. 
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Experimental 

Analytical  T'_C  were  performed  using  E.  Merck  silica  gel  F-254  plates. 
Radioactive  samples  were  counted  on  a  Packard  Tri-Carb  4000  liquid  scintil¬ 
lation  spectrometer  using  internal  standard*  in  Ultima  Gold  cocktail. 
Developed  TLC  plates  were  scanned  on  a  Berthold  model  LB  283  linear  analyzer 
system.  HPLC  was  done  using  Waters  Associates  Model  6000A  dual  pump  system 
with  a  Model  U6K  septumless  Injector  and  a  Berthold  Model  LB503-HDS  or  ^-RAK 
Flow  monitor  IB  radioactivity  monitors  as  the  detector. 


flo-^ClDIhydroqlnqhaosu  (2)2 

A  solution  of  [l6-14C]qinghaosu  in  toluene  (168  mg,  0.60  mmol,  4.31  mCi) 
was  stripped  to  dryness  in  a  50  mL  recovery  flask.  The  residue  was  dissolved 
In  methanol  (9  ml)  and  cooled  to  0*C  via  ice  bath.  Sodium  borohydride 
(180  mg,  4.89  mmol)  was  then  added  to  the  solution.  The  reaction  was  allowed 
to  stir  for  2  h  at  0*C  under  Radlo-TLC  (SIOjrGOX  hexanes-EtOAc)  verified 
that  the  reaction  was  complete.  The  reaction  mixture  was  quenched  with  20X 
HOAc-MeOH  (4  mL),  and  stripped  to  dryness  yielding  a  white  solid.  This  solid 
was  extracted  with  EtOAc  (2  x  15  mL),  filtered,  and  the  combined  extracts  were 
stripped,  and  dried  under  vacuum.  A  white  solid  was  recovered  (187  mg,  1 70S 
crude  chemical  yield,  4.25  mCi).  This  material  was  used  In  the  next  reaction. 

Chem 1  cal s  and  Sources 

S12524-16-2;  3930-13 
14121 
A412-4 
E  145-4 
H  291-4 
A38-212 


[16-14C]Q1nghaosu 

SRI  International 

Sodium  Borohydride 

Ventrcn 

Methanol 

Fisher 

Ethyl  Acetate 

Fisher 

Hexanes 

Fisher 

Acetic  Acid 

Fisher 

t&tjiiii  '.but  iSt 
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.  [l6-^C]Arteether  (3)3 

[l6-l4C]Dihydroqinghaosu  (187  mg,  0.66  mmol)  was  dissolved  In  benzene 
(9.4  ml)  In  a  50  ml  recovery  flask.  Absolute  EtOH  (3.2  ml)  was  added  to  the 


solution  followed  by  boron  trifluoride  etherate  (81  pi,  94.1  mg,  0.66  mmol). 
The  reaction  mixture  was  allowed  to  stir  at  room  temperature  for  24  h  under 
N2.  Radio-TIC  (SI 02^602  hexanes-EtOAc)  verified  the  reaction  was  complete. 

The  mixture  was  quenched  with  saturated  NaOAc  (4  ml),  diluted  with  20  ml  of 
H2O  and  extracted  with  EtOAc  (2  x  20  ml).  The  EtOAc  extracts  were  combined, 
dried  with  Na2S04,  filtered,  and  stripped  to  dryness.  A  gummy  opaque  solid 
(182  mg,  89X  crude  chemical  yield)  was  recovered.  A  previously  synthesized 
sample  of  [lS-l^Cjdihydroqinghaosu  (lot  #5994-123,  WR-253997)  was  treated  with 
BF3»OEt2  in  a  like  manner  to  yield  an  additional  37.8  mg  (0.73  mCl)  of  a,p - 
[lb_14c]arteether.  These  two  lots  were  combined  and  purified  by  preparative 


HPLC  (Rainin  Dynaraax  C-18,  8  p,  21.4  x  250  mm,  85X  CH3CN-H2C,  9.9  ml/min, 

224  nm)  to  remove  o-[16-l4C]arteether  (tR  «  11  min,  51  sec)  and  Impurity 
(tR  =  23  rain,  20  sec).  The  crude  product  was  dissolved  in  absolute  EtOH,  and 
allquotes  containing  approximately  5  mg  of  material  were  injected  on  the 
column.  The  fractions  containing  ^-[16-14C]arteether  were  collected 
(tR  *  25  min,  19  sec),  stripped,  and  analyzed  by  analytical  HPLC  (Altex 
Ultraspherc-OOS,  5  p,  4.6  x  250  ma,  60S  CH3CN-H2O,  1.2  ml/min)  using  a  radio- 
detector  (cell:  H130U3) .  Impure  fractions  containing  significant  amounts  of 
£„[16-14c]arteether  were  combined  and  repurified.  All  of  the  fractions  con¬ 
taining  pure  /-[16-l4C]arteether  were  combined  and  stripped  to  give  103.3  mg 
(2.17  mCi,  51X  radiochemical  yield)  of  material  with  specific  activity  of 
6.58  mCl/mmol.  The  entire  lot  (6376-28)  was  shipped  to  Dr.  Theoharldes. 
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Chemicals  and  Sources 


Absolute  Ethanol 

Aaper 

Benzene 

Burdick  &  Jackson 

AR756 

Boron  Trl fluoride  Etherate 

Aldrich 

00212  CT 

Sodium  Acetate 

Fisher 

S-210 

Ethyl  Acetate 

Fisher 

E145-4 

Hexanes 

Fisher 

H291-4 

Sodium  Sulfate 

Fisher 

S420-3 

Acetonitrile 

8urd1ck  &  Jackson 

AX503 
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